ABSTRACT
INTRODUCTION
Osteoporosis is a disease which affect the population of so-called "third age", or the elderly, while it more affect females as a result of the fact that they have a 30% lower bone mass than men, and that among them there is a rapid process of losing bone mass after entering the menopause and the occurrence of ovarian insufficiency (1, 2) . The emergence of this disease involves number of factors (genetic and environmental factors), as well as other pathological entities that can lead to rapid loss of bone mass, while recent studies indicate that there is no association between low bone mineral density (osteopenia, osteoporosis) and hyperlipidemia in obese people and that this correlation was probably the result of increased mechanical pressure on the bone, especially in postmenopausal women (3) (4) (5) (6) (7) (8) , or the direct effects of lipids on the function of bone cells (9) .
GOAL
The goal of our study was to determine whether in postmenopausal women there is a correlation between lipid parameters, BMI and osteoporosis.
MATERIAL AND METHODS
Experimental group consisted of 100 females in a postmenopausal age (at least two years after the last menstrual cycle) who have a newly diagnosed osteoporosis in the Cabinet for Osteodensitometry (Department of Endocrinology, Diabetes and Metabolic Diseases, University Medical Center of RS) by determining bone mineral density, DEXA method at the lumbar spine (L2-L4) and hip, and the upper part of the femur. The control group consisted of 100 females in a postmenopausal age which after determination of bone mineral density, DEXA method, has not been diagnosed with osteoporosis.
Exclusion criteria were malignant disease, diabetes, disease of the thyroid, parathyroid and adrenal glands, chronic renal failure, inflammatory arthritis, the use of statins in the treatment of dyslipidemia, corticosteroids, hormones and diuretics for more than three months, secondary osteoporosis due to endocrine diseases, diseases of the gastrointestinal tract (Crohn's disease, malabsorption), peptic ulcer surgery, chronic liver disease and osteoporosis induced by medications.
All the examinees were undergoing biochemical analysis of blood. Samples were taken from a peripheral vein after 12 hours of fasting and were immediately centrifuged at four degrees Celsius (4° C). Plasma is used to analyze the lipid profile (total cholesterol, LDL cholesterol, TG, HDL cholesterol). To all respondents was also determined anthropometric status, determination of BMI and waist circumference (WC).
RESULTS
From the standpoint of demographic data, the median age of respondents in experimental group amounted to 64, in the control group 63, which is not a statistically significant difference. In terms of education level in both groups dominated women with primary or secondary education (in a group of cases 78% and in the control, group 84%), without statistically significant differences between groups.
Analyzing the average values of the lipid profile (total cholesterol, LDL cholesterol, TG, HDL-cholesterol) in our study, we see that the same in the experimental group of patients was classified as a so-called borderline high category as compared to the control group where the values of these parameters were within the normal range. Average values of total cholesterol in the experimental group were 6.07 mmol/l with an average deviation of ±1.075 in the control group 5.45 mmol/l (± 0.96). If we observe other parameters of lipid profiles and their average values, we can see that there is a statistically significant difference between experimental group and controls with the exception of HDL cholesterol (Table 1) . A statistically significant difference between experimental group and controls was found in terms of categorizing weight χ²=11.157, p=0.025. In the control group, there was significantly more women with normal weight (46%) than in the experimental group (28%). In the experimental group the highest percentage of women (57%) are overweight 25 to 30 kg/m². A statistically significant difference in the values of waist circumference is not found between the groups χ²=1.64, p=0.171. The highest percentage of women in both groups had WC > 81 cm ( Univariate logistic regression model, for all tested parameters in our study (total cholesterol, LDL cholesterol, TG, HDL cholesterol, BMI and WC) showed that the statistically significantly the osteoporosis in postmenopausal women is linked with: total cholesterol (p=0.000), LDL cholesterol (p=0.005), triglycerides (p=0.033), while the value of BMI (p=0.727) was not a significant factor for osteoporosis ( Table 3 ).
The examined factors that are statistically significant in the model of univariate logistic regression were entered into the model of multivariate regression, the results of which show that elevated levels of total cholesterol are independent risk factor for osteoporosis in postmenopausal women (p=0.018), while the other parameters of lipid profile were not relevant for osteoporosis development ( 
DISCUSSION
Osteoporosis is a multifactorial disease that occurs due to the effects of genetic and environmental factors. Today, there are conflicting opinions on the impact of BMI on the quality of the bones. Some studies suggest that in women with lower body mass index there is a greater risk of developing osteoporosis and have osteoporotic fractures of the upper arm, forearm and ankle (10) . Also, changes in body weight have an impact on the rate of bone loss in the sense that "skinny" women (BMI <18.5 kg/m²) more rapidly lose bone mass than women with stable body weight (0.8% annually), while women whose body weight increased with the time does not losing bone mass significantly (0.1%) (11, 12) . Obesity has for years been considered as a protective factor for the development of the skeleton and osteoporosis, but recent clinical studies indicate that obesity has a negative effect on the quality of the bone despite normal values of bone density measured by densitometry of what is considered to be the result of increased mechanical pressure on the bone (13, 14) . A significant percentage of fractures exactly happens in obese women because of the body structure or mechanism of injury (15) .
In our study, in more than half of respondents in the experimental group was overweight (57% versus 36% in control group), in contrast to the control group where the highest percentage (46%) had a normal body mass index (BMI). Correlation of BMI with osteoporosis by univariate logistic regression did not show the relationship of this indicator with osteoporosis (p=0.727, OR=1.000, 95% CI=0.999 to 1.001), which is not congruent with the results of other studies (1) .
Literature data show that hyperlipidemia may contribute to osteoporosis by its influence on bone resorption and osteoclast viability (16, 17) , or to limit the radial lipids permeability of the cortical bone and thus influencing the function of bone cells (9) . In a comparative study by Shukl et al was found that postmenopausal women with osteoporosis had significantly increased values of the parameters of the lipid profile (total cholesterol, triglycerides, LDL-cholesterol) in comparison with premenopausal women with osteoporosis (18). Adami and colleagues found no significant association of elevated serum LDL cholesterol, triglycerides and total cholesterol with a decrease in bone mineral density at the hip level for women aged 68-75 years (19) . Other studies confirm a reduced bone mineral density in women with elevated total cholesterol (20) .
In accordance with the previously presented attitudes and analyzing own research, in our study, the results of univariate logistic regression analysis shows that the total cholesterol (p=0.000, OR=1.006, 95% CI=1.003 to 1.0009), LDL cholesterol (p=0.005 , OR=1.005, 95% CI=1.001 to 1.008) and triglycerides (p=0.033, OR=1.004, 95% CI=1.000 to 1.008), significant risk factors for osteoporosis, although the multivariate logistic regression LDL cholesterol and TG did not identified as independent risk factors. Results of multivariate regression analysis showed that the increased value of total cholesterol is a significant independent risk factor for osteoporosis in postmenopausal women (p=0.018, OR=1.006, 95% CI=1.001 to 1.010).
CONCLUSION
The results of the conducted study confirm the association between decreased bone mineral density in postmenopausal women and lipid parameters. It follows that the two entities in preventive action should be viewed simultaneously for a more efficient preventive activity that will contribute to a better quality of life for affected individuals.
• Conflict of interest: none declared.
• Author's contributions: RB and JB performed the examination the patients. RB collected the data, analyzed them and wrote the text. SM assisted in writing the text. All authors have read the text and approved the final manuscript.
